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A Cartesian robot capable of accelerating at 2g with a 1OKg payload has been designed and built in the 
Artificial Intelligence Laboratory at M.I.T. Models of the robot have been developed for predicting system 
dynamic and vibration response. 
The dynamic model includes the effects of motor, amplifier, and power supply characteristics; system 
friction and viscous damping; control loop gains; round off errors in the control microprocessors; and 
quantization errors which affect position and velocity feedback signals. Dynamic performance of the model 
and the manipulator have been compared in both the frequency and the time domains. 
The vibration model is based on the method of component mode synthesis. Modal characteristics for 
each structural component of the robot were measured before the robot was assembled. Particularly detailed 
modal representations were obtained for the linear ways along which the moving axes travel. The frame 
which supports the robot was tested after it had been bolted to the floor so that the response of the 
building could be included in the model. This proved necessary as mast of the deflection for the first 
two modes of vibration occurred in the floor. 
An interpolation scheme was developed to produce a continuous representation of the vibration response 
of the linear bearing surfaces. This information was essential to the modeling of the linear joints. The 
model predicts the first 8 eigenvalues and eigenvectors for the assembled robot using the measured vibra- 
tion data from each of the system components. 
A robot system model is under development which combines the previously described models in a dynamic 
simulation. Presently this model runs about an order of magnitude slower than real time on a VAX 11-750 
computer. 
To minimize system residual vibration, a series of feedforward forcing functions have been developed 
which control the energy sent to the system at its resonant frequencies while maximizing system velocity. 
A sixth order linear system model of a servo controlled vibration structure has been created and simula- 
tions have been run to evaluate these forcing functions. A mechanical model with corresponding resonant 
frequencies has been built and its response compared with that of the simulation. 
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